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etiology of CAP in children (Etiology of Pneumonia in the Community [EPIC] study by the Centers for Diseases Control and Prevention), viruses were detected in 66.2% of children with CAP requiring hospitalization. 2 Respiratory syncytial virus (RSV), rhinovirus (RV), and human metapneumovirus (hMPV) were the viruses most commonly detected in 28.0, 27.3, and 12.8% of cases, respectively.
Pyogenic bacteria are detected in a relatively small proportion of CAP in children, but their early identification is critical, as they can cause severe and/or complicated pneumonia and even mortality. Pyogenic bacteria were identified as the responsible pathogens causing pneumonia in 7.3% of children in the EPIC study. Streptococcus pneumoniae (3.6%) was the most common, followed by Staphylococcus aureus (1.0%) and Streptococcus pyogenes (0.7%). Mycoplasma pneumoniae, an atypical bacterial pathogen, was detected in 8.0% of children with CAP, particularly in those 5 years of age or older. 2 We conducted a prospective, multicenter, observational cohort study for CAP in children (Children's Hospital's Initiative for Research in Pneumonia [CHIRP] study) during 2015 to 2018. This study enrolled 441 children aged 2 months through 18 years with CAP diagnosed from six referral hospitals in Ohio, United States, and included outpatients (13.8%) as well as inpatients (86.2%). In the preliminary data analysis, viruses were detected in 55.6% of children, pyogenic bacteria in 3.6%, and atypical bacteria in 8.8%. The proportion of viruses and bacteria detected was comparable to those of the EPIC study.
Another recent and large study on pneumonia in children, the Pneumonia Etiology Research for Child Health (PERCH) study, was designed to determine the cause of severe pneumonia in 4,232 children aged 1 to 59 months living in developing areas. Epidemiologic and etiologic findings from the PERCH study varied from other CAP studies on children in developed countries. 3
Viral-Bacterial Interaction
Viral-bacterial coinfections were detected in 7.0 and 3.9% of children with CAP in the EPIC and CHIRP studies, respectively. However, these proportions likely represent low estimates because of the low sensitivity of current assays (e.g., blood culture) for bacterial identification. In the EPIC study, compared with children infected with viruses alone, those with virus-bacterial coinfections had a higher frequency of leukocytosis, consolidation on chest radiography, parapneumonic effusions, intensive care unit admission, need for mechanical ventilation, and an increased length of hospital stay. 4 Particularly, RSV and influenza not only contribute to the seasonal pattern of invasive pneumococcal disease (IPD) but also influenced the severity and outcome of patients with IPD. 5, 6 Studies in animal models revealed that lung inflammation, rate of bacteremia, and mortality were increased in mice coinfected with RSV and S. pneumoniae when compared with mice with single infections. 7 We recently performed a case-control study to detect potentially pathogenic bacteria (PPB), such as S. pneumoniae, Moraxella catarrhalis, and Haemophilus influenzae in nasopharyngeal samples from children < 2 years of age with RSV bronchiolitis compared with age-matched healthy controls. Detection of each PPB was more frequent in children with RSV infection than in healthy controls. Moreover, detection of S. pneumoniae and H. influenzae in RSV-infected children was associated with enhanced disease severity. These data suggest that pathogenic bacteria detected in the upper airway during acute RSV infection may play a role in disease pathogenesis and severity. 8
Diagnostic Challenges
The diagnosis of pneumonia could be established in most cases by clinical features and chest radiograph findings, although there is substantial overlap with bronchiolitis in infants. However, reliable single tests for identifying the specific pathogen (or pathogens) causing pneumonia do not exist, although an accurate and rapid etiologic diagnosis will result in improved care with focused antimicrobial therapy, fewer unnecessary tests and procedures, and potentially shorter hospital stays in children with CAP. 9 Children with atypical bacterial pneumonia could be presented with clinical features, as well as laboratory and radiographic findings that are similar to those of viral pneumonia. Even in children with pyogenic bacterial pneumonia, the initial clinical findings can be similar to viral pneumonia, such as upper respiratory tract symptoms, low level of inflammatory markers, and interstitial infiltrates on chest radiograph. 10 Creactive protein and procalcitonin may assist to assess response to therapy in patients with more serious pneumonia cases, but identification of a cutoff that is both sensitive and specific for defining bacterial etiologies remains challenging. 9 Another problem with the etiologic diagnosis of pneumonia in children is the difficulty in obtaining adequate specimens for pathogen detection. Because the primary site of the infection is the lung, high yield specimens would have to be obtained from lung tissue or alveolar fluid. However, procedures like lung tap and bronchoalveolar lavage are very invasive, and not routinely performed as standard of care in children with CAP. Gram stain and sputum culture are also infrequently performed because of the difficulty of obtaining these samples in young children. Pleural fluid analyses help to establish the etiologic diagnosis of pneumonia, but most of the CAPs are not accompanied by enough pleural fluid to be aspirated and a pleural tap is another invasive technique that can induce complications. Therefore, blood culture, that has limited sensitivity, is essentially the sole method to detect pyogenic bacteria in children with CAP. In addition, because respiratory viral infections appear to predispose to bacterial superinfections, a respiratory virus identified in a child with CAP does not necessarily exclude the presence of a bacterial pathogen. 9 This commonly leads to inappropriate interventions and overly cautious treatment with excessive use of antibiotics and unnecessary hospitalizations.
The diagnosis of M. pneumoniae is frequently made by polymerase chain reaction (PCR)-based testing. Although studies have questioned the diagnostic value of this assay, 11 the EPIC and CHIRP studies confirmed its utility in various clinical settings. For respiratory viruses, real-time PCR of a nasopharyngeal swab or aspirate specimen is usually used in children.
However, some respiratory viruses detected by PCR in children with CAP have been also detected in asymptomatic children. Therefore, detection of respiratory viruses from the upper respiratory tract may not reveal causation of pneumonia, particularly with RV or adenovirus, which are shed for prolonged time and/or may reactivate in the context of other disease processes. On the other hand, RSV, influenza, and hMPV are rarely detected in asymptomatic healthy children. 12 Nevertheless, identification of respiratory viruses in the context of CAP in children may have clinical implications, and antibacterial therapy may be held in the absence of clinical, laboratory, or radiographic findings that suggest a bacterial coinfection. 10 In the CHIRP study, children with no bacteria identified and positive viral testing were more likely to be discharged without antibiotic therapy. 13 Can We Apply Transcriptomics to CAP in Children?
By shifting the focus from the infectious pathogen, application of host gene profiles by transcriptomics can potentially identify diagnostic signatures, markers of disease severity, and, eventually, prognostic indicators in the various clinical settings. 14 Blood is an attractive source of clinically relevant information. It serves as a reservoir for immune cells that migrate to and from the site of infection, and are exposed to factors released in the bloodstream as a result of the infection. Different classes of pathogens trigger specific pattern-recognition receptors differentially expressed on immune cells and elicit distinct immune responses. Using microarray or RNAseq technology, we can measure the differences in gene expression patterns present in blood immune cells as induced by various types of infectious agents. Therefore, transcriptional profiles of peripheral blood leukocytes could help discriminating viral, bacterial, and viral-bacterial coinfections in patients with pneumonia. A recent study 15 performed in adults with pneumonia revealed that transcriptional profiling was superior to procalcitonin in distinguishing bacterial from viral lower respiratory tract infections.
Molecular distance to health (MDTH) is a novel, objective, and unbiased metric, which summarizes the global transcriptional perturbation of each individual patient sample compared with healthy controls into a single numeric score. In children hospitalized with CAP, MDTH scores measured within 24 hours of hospitalization were independently associated with a longer duration of hospitalization, regardless of the pathogen detected. This suggests that transcriptional biomarkers such as MDTH may also help classify children with CAP by disease severity and determine the need for hospitalization or intensive care. 16 
Intervention Strategies
Evidenced-based guidelines for the management of infants and children with CAP were developed by the Pediatric Infectious Diseases Society and the Infectious Diseases Society of America in 2011. 9 As mentioned above, the difficulties to exclude bacterial infections in children with CAP, precludes making a definitive diagnosis, and dilemmas in managing CAP in children are still present.
Influenza vaccination may reduce pneumococcal pneumonia as well as influenza-associated pneumonia possibly suggesting that these pathogens have an additive or synergistic effect in the pathogenesis of pneumonia. 9 A pivotal randomized clinical trial in children showed that pneumococcal immunization was associated with significant reductions in hospitalizations caused by viral-bacterial pneumonia. 17 Therefore, both influenza and pneumococcal vaccinations represent important opportunities for preventing or at least attenuating CAP severity in children.
Conclusion
In summary, viral testing in conjunction with clinical, laboratory, and radiographic findings may provide guidance of antibiotic use for CAP in children. Host transcriptome profiles may prove to have superior sensitivity for the identification of specific pathogen and may enable the identification of the viral-bacteria coinfections. Optimizing the management of these children will also lead to decreased use of antibiotics and potentially play an important role in hindering antibiotic resistance, lowering health care costs, and reducing the number of adverse events associated with antibiotic use. In addition, an accurate classification of patients based on disease severity from the very beginning by the application of novel biomarkers such as MDTH will provide prompt and targeted therapies, which in turn will lead to improved clinical outcomes.
